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(54) Radio terminal device 

(57) The present invention is for providing a radio 
terminal device having shock resistance and high rigid- 
ity capable of preventing breakage of the housing even 
in the case it is dropped from a hand, without the risk of 
deteriorating the performance of the stored antenna. 
The radio terminal device according to the invention 
comprises a printed board, a resin housing provided so 
as to cover one side surface of the printed board, a 
metal housing provided so as to cover the other side 
surface of the printed board, and an antenna provided 
on the one surface side of the printed board, wherein 
the resin housing and the metal housing are divided in a 
region elongating from the one side surface to the other 
side surface of the printed board. 



FIG.1 




Q. 
LU 



Primed by Xerox (UK) Bushoss Services 
2.16.7 (HRS)/3.6 



1 



EP 1 037 391 A2 



2 



Description 

BACKGROUND OF THE INVENTION : 

1 . Field of the invention 5 

[0001] The present invention relates to a radio ter- 
minal device, in particular, it relates to the configuration 
of a housing capable of realizing sufficient shock resist- 
ance and high rigidity as a radio terminal device. 

2. Description of the Related Art 

[0002] Conventionally, both of an upper case and a 
lower case of a radio device, such as a portable phone, 
are formed, in general, with a resin for achieving a fight 
weight However, a problem is involved in that if a user 
drops such a kind of radio device inadvertently, the 
housing might easily break 

[0003] Therefore, it is conceivable to provide the 
housing made of metal so as to reinforce the housing 
strength and the rigidity. However, since the metal does 
not transmit an electromagnetic wave (an electronic 
wave), although the housing made of metal is suitable 
for shielding electromagnetic waves, the housing made 
of metal is not appropriate to ensure the antenna char- 
acteristics. 

SUMMARY OF THE INVENTION 

[0004] Accordingly, an object of the present inven- 
tion is to provide a radio terminal device having an 
antenna in a housing while shock resistance and high 
rigidity capable of preventing breakage of the housing 
are equipped even in the case the radio terminal device 
is dropped from a hand. 

[0005] In order to solve the above-mentioned prob- 
lems, the present invention comprises a printed board, 
a resin housing provided so as to cover one side surface 
of the printed board, a metal housing provided so as to 
cover the other side surface of the printed board, and an 
antenna provided on the one surface side of the printed 
board, wherein the resin housing and the metal housing 
are divided in a region elongating from the one side sur- 
face to the other side surface of the printed board. 
[0006] Accordingly, the effect of providing sufficient 
shock resistance and high rigidity as a portable terminal 
device, capable of preventing breakage of the housing 
even in the case the user drops the device from a hand 
inadvertently as well as the effect of avoiding deteriora- 
tion of the characteristics of the stored antenna can be 
achieved. 

[0007] Since a first aspect of the invention is a radio 
terminal device comprising a printed board, a resin 
housing provided so as to cover one side surface of the 
printed board, a metal housing provided so as to cover 
the other side surface of the printed board, and an 
antenna provided on the one surface side of the printed 



board, wherein the resin housing and the metal housing 
are divided in a region elongating from the one side sur- 
face to the other side surface of the printed board, the 
effect of preventing breakage of the housing even in the 
case the user drops the device from a hand inadvert- 
ently as well as the effect of providing a configuration 
not inhibiting receipt of an electronic wave can be 
achieved. 

[0008] Moreover, since a second aspect of the 
invention is the radio terminal device according to the 
first aspect, wherein the resin housing and the metal 
housing are divided with a curved line, the effect of max- 
imizing the rigidity of the metal housing, the effect of 
avoiding deterioration of the characteristics of the 
stored antenna by providing the metal housing and the 
stored antenna too closely, and further, the effect of pro- 
viding a thin housing can be achieved. 
[0009] Furthermore, a third aspect of the invention 
is the radio terminal device according to the first aspect, 
wherein the printed board and the metal housing are 
connected electrically, the effect of sufficiently providing 
earth can be achieved owing to the metal housing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] 

FIG. 1 is a vertical side cross-sectional view show- 
ing the configuration of a radio terminal device 
according to an embodiment of the invention. 
FIG. 2A is a vertical cross-sectional view taken on a 
different position, showing the configuration of the 
radio terminal device according to the embodiment 
of the invention. 

FIG. 2B is a rear side view showing the configura- 
tion of the radio terminal device according to the 
embodiment of the invention. 
FIG. 3 is a diagram showing the state or connection 
between the stored antenna 4 and the printed 
board 9. 

FIG. 4 is a partially enlarged diagram of the housing 
tip portion of FIG. 1. 

FIG. 5 is a graph showing the relationship between 
the distance x and the XY plane average gain of the 
stored antenna 4 when it is away from the rear sur- 
face of the printed board 9 by a distance x mm. 
FIG. 6 is a diagram showing the XY plane in the 
appliance. 

DETAILED DESCRIPTION OF T HE PRESENT INVEN- 
TION 

[0011] The present invention will be described in 
detail with reference to the accompanying drawings. 
[0012] FIG. 1 is a vertical side cross-sectional view 
showing the configuration of a radio terminal device 
according to art embodiment of the invention. As an 
example of a radio device, a portable phone (hereinafter 
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referred to as an appliance) is described herein. 
[0013] The appliance of FIG. 1 comprises a whip 
antenna 3 for transmission and receipt, a stored 
antenna 4 for receipt a receiver 5 for outputting the 
sound, a liquid crystal display portion 6 for displaying s 
characters or marks, a key sheet 7 with characters and 
marks printed thereon, a transmitter 8, and a printed 
board 9 in a housing comprising an upper case 1 and a 
lower case 2, with a detachable battery 10 mounted out- 
side the housing for supplying a power source. 10 
[001 4] An oscillator for controlling the oscillating fre- 
quency by voltage (hereinafter referred to as VCO), a 
temperature compensating type crystal oscillator for 
controlling the frequency stably (hereinafter referred to 
as VC-TCXO), a plurality of resistors, capacitors, or the is 
like, are mounted on the rear side of the printed board 9 
so as to provide a receiving circuit portion (not illus- 
trated) comprising a low noise and a first mixer. Further- 
more, a modulator, a power amplifier (hereinafter 
referred to as PA), a plurality of resistors, capacitors, or 20 
the like, are surface mounted so as to for a transmitting 
circuit portion (not illustrated). 

[0015] The receiving circuit portion (not illustrated) 
and the transmitting circuit portion (not illustrated) are 
covered with a resin shield case 14 for preventing 25 
entrance of an electromagnetic wave from the outside, 
or leakage of an electromagnetic wave to the outside. 
[0016] The shield case 14 is made of a resin mate- 
rial, such as acrylonitrile-butadiene-styrene (ABS), with 
the surface thereof applied with the electroless copper 30 
plating so as to prevent passage of an electromagnetic 
wave, and furthermore, the surface thereof applied with 
the electroless nickel plating so as to provide the anti- 
corrosion treatment for the elecoroless copper plating. 
[0017] As to the configuration of the appliance, the 35 
receiver 5, the liquid crystal display portion 6, the key 
sheet 7, and the transmitter 8 are arranged from above 
on the front side of the printed board 9. Since the 
receiver 5 and the transmitter 8 need to be disposed in 
the vicinity of an ear and the mouth of the user, respec- 40 
tively, they are provided at the uppermost portion and 
the lowermost portion. Therebetween is provided a liq- 
uid crystal display portion 6 above the key sheet 7 so 
that the displayed marks, characters, or numbers input- 
ted by the use of keys are not covered by the hand exe- 45 
cuting the input operation. 

[0018] The transmitting circuit portion (not illus- 
trated) and the receiving circuit portion (not illustrated) 
are formed in the upper part and a controlling circuit 
portion (not illustrated) is formed in the lower part on the so 
rear side of the printed board 9. The portions comprise 
low electronic parts. 

[0019] The transmitting circuit portion (not illus- 
trated) and the receiving circuit portion (not illustrated) 
are covered with the shield case 14 as mentioned ss 
above. The controlling circuit portion (not illustrated) is 
formed substantially behind the key sheet 7, covered 
with the inside of the lower case 2 applied with alumi- 



num deposition. That is, all of the above-mentioned cir- 
cuit portions are shielded so as to prevent entrance or 
leakage of an electromagnetic wave. The controlling cir- 
cuit portion (not illustrated) is covered with the depos- 
ited surface so as to lower the height thereof. The 
aluminum deposition can be replaced by coating with a 
conductivity. 

[0020] A sound hole 1 1 for introducing sounds gen- 
erated in the receiver 5 to the outside of the housing and 
projections 12 of the key sheet 7 are inserted in the 
upper case 1. Key holes (not illustrated) of the same 
number as the projections 12 and an opening (not illus- 
trated) with the same size as the liquid crystal display 
portion 6 are provided therein, with the opening (not 
illustrated) closed with a transparent window 13 such 
that the user can recognize characters and marks dis- 
played on the liquid crystal display portion 6. 
[0021] The upper case 1 is made from a metal. In 
the present embodiment, the upper case is formed in a 
dye cast process with a magnesium alloy (AZ91 D) con- 
taining 9% of aluminum and 1% of zinc as the material. 
The dye cast process is a method of forming by pouring 
a completely molten metal into a special mold with a 
high pressure. 

[0022] Examples of other processes include a thix- 
omokJ process of forming by pouring a half-molten 
metal into a special mold with a high pressure. 
[0023] Moreover, the magnesium alloy has a small 
specific gravity among metals. The value thereof is 
about 1.8 g/cc, which is about 2/3 of that of the alumi- 
num alloy. The magnesium alloy used in the upper case 
of the present invention is not limited to the above, and 
the other magnesium alley having different characteris- 
tics may be used. 

[0024] The metal upper case 1 after formed in the 
mold is applied with the chemical conversion treatment 
on the front side, and only the external surface thereof is 
applied with coating. 

[0025] The chemical conversion treatment is an 
anti-corrosion treatment as well as a treatment for 
improving the adhesion strength of the coating. Conven- 
tionally, the so-called chromate treatment containing 
chromium (VI) has been used commonly as the chemi- 
cal conversion treatment. However, since the chromium 
(VI) triggers the pollution problem, a chemical conver- 
sion treatment not containing the chromium (VI) is pref- 
erable in consideration of the influence on the 
environment 

[0026] In this invention, a chemical conversion 
treatment with phosphate having a 0.5 O or less surface 
resistance value in a salt spray test (5% in concentra- 
tion, left in an atmosphere at 35°C for 50 hours) is 
selected. As to coating, a primer treatment is applied on 
the chemically converted surface, and further, a baking 
coat is applied thereon. 

[0027] As shown in FIGS. 2A and 2B, bosses 1 8 to 
be screwed by a male screw are provided inside the 
upper case 1 each at two positions in the lower part, 
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center part and upper part with respect to the longitudi- 
nal direction thereof, substantially symmetrical with 
each other with respect to the center line in the width 
direction. All the bosses 18 have a cylindrical shape 
with a flat portion on the upper surface. A female screw 
is formed by cutting in the center thereof, without having 
the lower end pierced through to the outside. In order to 
improve the mold release property at the time of shap- 
ing with a mold, a 1 degree or more draft is provided in 
the periphery of the cylindrical part. 
[0028] The external surface of the lower case 2 
comprises a rear portion 15, a battery mounting portion 
16 and a cylindrical portion 17. The rear portion 15 and 
the battery mounting portion 1 6, having seat portions 20 
to be pierced through by screw portions 19 at the posi- 
tions corresponding to the bosses 18 of the upper case 
1 , are fastened by male screw head portions. 
[0029] A sliding hook 21 is provided in the rear por- 
tion 1 5 for mounting a detachable battery 1 0 in the case. 
Since the method for mounting is the same as the con- 
tents disclosed in JP-A-1 0-1 17224, which has been 
filed already in Japan by the present inventor, explana- 
tion thereof is not provided herein. 
[0030] The cylindrical portion 1 7 for surrounding the 
whip antenna 3 to be pulled out with respect to the 
housing, slightly projects from the rear surface. Since 
the configuration of the whip antenna 3 and the method 
for holding the same are the same as the contents dis- 
closed in JP-A-9-2 14225, which has been already filed 
in Japan by the present inventor, explanation thereof is 
not provided herein. 

[0031] To this kind of appliances, shock resistance 
and high rigidity are required for preventing breakage of 
the housing even in the case the user drops the appli- 
ance inadvertently from a hand. 
[0032] Therefore, a material satisfying these prop- 
erties is selected. In this embodiment, as mentioned 
above, the upper case 1 made from a metal is formed by 
the dye cast process with a magnesium alloy (A291D) 
containing 9% of aluminum and 1% of zinc is used as 
the material. Further, a resin material, such as acryloni- 
trile-butadiene-styrene (ABS), polycarbonate (PC), and 
an alloy material of ABS and PC. is selected as the 
material of the lower case 2. 

[0033] At the time, the external surface is formed 
with the fixed side of a mold (cavity), and the internal 
surface is formed with the movable side (core). The 
peripheral parting line (seaming surface of the fixed side 
and the movable side) is not flat, but the battery mount- 
ing portion 16 is lower with respect to the portion with 
the cylindrical portion 1 7 formed, with both of them con- 
nected with a curved line (see FIQ. 2A). This is not only 
for maximizing the rigidity of the metal case but also for 
avoiding deterioration of the characteristics of the 
stored antenna by providing the metal case and the 
stored antenna too closely. 

[0034] As the stored antenna 4, a metal thin plate is 
attached on the case bottom surface with a double- 



coated adhesive tape, with a part thereof connected 
electrically with the printed board 9. As another embod- 
iment a substantially rectangular parallel opiped chip 
antenna device (not illustrated) can be used. As the chip 

5 antenna device, for example, a chip antenna device dis- 
closed in JP-A-9-0102710 can be used. 
[0035] The stored antenna 4 is a plate-like reverse 
F type antenna comprising a metal thin plate to be 
adhered and fixed on the case bottom surface. As 

w shown in FIQ. 3, the plate-like reverse F type antenna 
comprises a feeder portion 22 and a short circuit portion 
23 connected electrically by forcing a feeding land 24 of 
the printed board 9. As to the shape of the stored 
antenna 4, cuttings or slits are provided in a plate-like 

15 sheet metal for achieving a small size, and a A/4 elec- 
tronic length is ensured. 

[0036] The stored antenna 4 is only for receipt, and 
the whip antenna 3 is for transmission and receipt. By 
providing the two antennas, a diversity radio device is 
20 realized. 

[0037] The stored antenna 4 is provided on the 
case bottom surface so as to face to the printed board 9 
on the rear surface of the printed board 9. A land (not 
illustrated) for electrically connecting the antenna termi- 

25 nal and the printed board 9 by forcing the tip of an 
antenna terminal (not illustrated) electrically connected 
with the whip antenna 3 is provided on the adjacent cor- 
ner. The receiving circuit portion and the radio circuit 
portion (not illustrated) are formed in a region not having 

30 the land and the stored antenna 4 mounted thereon. 
[0038] The shield case 1 4 is provided on the printed 
board 9 so as to cover the receiving circuit portion and 
the radio circuit portion, away from the stored antenna 4 
of the land (not illustrated) by a predetermined distance. 

35 Furthermore, the control circuit portion (not illustrated) 
is formed below the receiving circuit portion and the 
radio circuit portion (not illustrated). The control circuit 
portion (not illustrated) is covered with a metal film 
applied on the internal surface of the lower case 2 so as 

40 to be applied with a shield. 

[0039] Experiment results of the invention will be 
described below. 

[0040] FIG. 4 is a partially enlarged diagram of the 
housing tip portion of FIG. 1 . In FIG. 4, the dividing sur- 

45 face of the upper case 1 and the lower case 2 are away 
from the rear surface of the printed board 9 by a dis- 
tance x mm. Measurement results of the XY plane aver- 
age gain of the stored antenna 4 with the distance x 
changed are shewn in FIG. 5. The method of taking the 

so XY plane in an appliance is shown in FIG. 6. 

[0041] As shown in FIG 5, in the case the distance 
x is in the plus region, the gain is improved. The inflec- 
tion point exists in the middle of about 1 mm and 0. In 
the region from there toward the minus direction, the 

55 gain is lowered. Therefore, it is effective to have the dis- 
tance x as large as possible within the range tolerable in 
designing for ensuring the antenna gain. At least the 
distance x needs to be plus. 
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[0042] ft is apparent that the same effect can be 
achieved also in the case the stored antenna is a chip 
antenna mounted on the rear surface of the printed 
board 9. 

[0043] Furthermore, although it is not illustrated, 
earth can be provided sufficiently via the metal case 
and the user's hand by electrically connecting the 
printed board 9 and the metal upper case 1 . 
[0044] Moreover, the upper case and the lower 
case are divided with a curved line. This is for providing 
the device with a substantially same thickness in any 
portion so as to be easily grasped. Moreover, by provid- 
ing the highly rigid metal surface cover like a box from 
the upper end to the lower end, the bend and twist rigid- 
ity of the device is improved. In the case the upper and 
lower cases are divided with a straight line, a substan- 
tially box-like shape can be formed in the vicinity of the 
liquid crystal and the receiver since the side wails can 
be formed thereat. However, since the key portion is 
lower and the side walls cannot be formed, the bend 
rigidity in the portion is deteriorated remarkably, and 
thus the dividing line is provided with a curved line as in 
this embodiment. 

[0045] As apparent from the explanation given so 
far, since the present invention comprises a printed 
board, a resin housing provided so as to cover one side 
surface of the printed board, a metal housing provided 
so as to cover the other side surface of the printed 
board, and an antenna provided on the one surface side 
of the printed board, wherein the resin housing and the 
metal housing are divided in a region elongating from 
the one side surface to the other side surface of the 
printed board, the effect of providing sufficient shock 
resistance and high rigidity as a portable terminal 
device, capable of preventing breakage of the housing 
even in the case the user drops the device from a hand 
inadvertently as well as the effect of avoiding deteriora- 
tion of the characteristics of the stored antenna can be 
achieved. 

Claims 

1 . A radio terminal device comprising: 

a printed board having a front surface and a 
rear surface; 

a resin housing covering the rear surface of the 
printed board; 

a metal housing covering the front surface of 
the printed board; and 

an antenna disposed on a side of the rear sur- 
face of the printed board, 
wherein a part of the printed board is accom- 
modated in the resin housing; and 
an remaining part of the printed board is 
accommodated in the metal housing. 

2. The radio terminal device according to claim 1, 



wherein the resin housing and the metal housing 
are joined with each other by a curved line from a 
viewpoint of the side of the radio terminal device. 

5 3- The radio terminal device according to claim 1, 
wherein the printed board and the metal housing 
are connected with each other electrically. 

4. The radio terminal device according to claim 1, 
w wherein The antenna is disposed near an end por- 
tion in the remaining part of the printed board. 
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